1. INTRODUCTION {#sec1-1}
===============

Non-alcoholic fatty liver disease (NAFLD) describes a wide range of hepatic disorders, ranging from simple steatosis to nonalcoholic steatohepatitis (NASH). It is mostly associated with many metabolic derangements of carbohydrates and lipids that include metabolic syndrome, obesity, insulin resistance, and dyslipidemia ([@ref1]), with the possibility of subsequent progression to hepatic fibrosis and hepatic cancers ([@ref2]). Although the renin-angiotensin system (RAS) regulates many physiological processes, it plays a vital role in the pathogenesis of various disorders including metabolic syndrome, diabetes mellitus, and fatty liver diseases ([@ref3], [@ref4]). Many in vitro and in vivo studies indicated exaggerated RAS activation impairs mitochondrial functions and can be positively correlated with hepatic cirrhosis ([@ref5]). Many reports supported the concept that modulating RAS activity with angiotensin converting enzyme inhibitors (ACEIs) or angiotensin receptor blockers (ARBs) might be of value in the control of hepatic steatosis ([@ref6]-[@ref8]); however, they are inconclusive and conflicting ([@ref9], [@ref10]), and the effects in NAFLD are speculative rather than definite ([@ref11]). Moreover, elevated plasma renin and angiotensin II (Ang II) concentrations was reported in experimental animals maintained on high-fat diet ([@ref12], [@ref13]), while modulation of RAS through genetic knock-out technique attenuates body weight gain in mouse model of high fat diet-induced obesity ([@ref14]). Additionally, similar results were reported through the use of ARBs and ACEIs in this regard ([@ref15], [@ref16]). The present study aims to evaluate the effects of aliskiren, azilsartan or their combination on the metabolic and inflammatory changes in rat's model of NAFLD.

2. MATERIALS AND METHODS {#sec1-2}
========================

Wistar rats initially weighing 160-200 g, obtained from the local bred of the animal house, College of Pharmacy, University of Baghdad, were used in the present study. The research protocol and animal care procedures were approved by the local research ethics committee of this institution, in compliance with the standard requirements for the care and use of experimental animals reported elsewhere. The animals were acclimatized for one week before starting experiments under 12 h light-dark cycle and controlled room temperature (24°C±2) with standard rat chaw and drinking water *ad libitum*. After 1 week the animals were allocated randomly into four groups (each contains 8 rats), housed 1 per cage and treated as follow: 1st group (control) was treated orally with the 5% carboxymethyl cellulose (CMC), and fed during 60 days a high fat diet (standard chaw contains 30% lard and 5% cholesterol) especially prepared for this purpose. The other three groups were administered either 0.5 mg/kg azilsartan (Takeda, Japan), 25 mg/kg aliskiren (Novartis, Switzerland) or their combination (formulated as suspension in 5% CMC), one week before start feeding with high fat diet formula as mentioned previously for the control group for 60 days. All rats were euthanized on day 60, after overnight fasting, by intraperitoneal injection of 2% thiopental (80 mg/kg). Blood samples were collected and utilized to prepare the serum, which was either processed immediately or stored at -40°C until assay. Serum levels of glucose, insulin, the lipid profile, ALT, AST and ALP were measured as described previously ([@ref17]). Moreover, serum concentrations of TNF-α and IL-1β were assayed utilizing ready-made kits (MyBiosource, Inc, USA) ([@ref18], [@ref19]). The liver glycogen content was estimated according to the method of Chan and Exton ([@ref20]), while glucose was enzymatically estimated using hexokinase method. A portion of the liver was fixed in 10% formalin for histology. According to the method of Junqueira *et al* (1995) ([@ref21]), various liver tissue sections were prepared and stained with hematoxylin and eosin or Mason Trichrome stain. The stained sections were evaluated in a blind fashion by senior pathologist. The data were evaluated using Graph Pad Prism 5.1 software (Graph Pad Software Inc, California, US); the changes were analyzed by repeated measures ANOVA. One-way ANOVA, followed by Bonferroni's *post hoc* test, was performed when appropriate. A probability value of p\<0.05 was considered statistically significant.

3. RESULTS {#sec1-3}
==========

[Table 1](#T1){ref-type="table"} demonstrated that serum glucose was elevated in control group compared with reference normal range values. Azilsartan or its combination with aliskiren significantly decreased serum glucose levels compared with control (39% and 42%, respectively). However, aliskiren alone did not show significantly different effect compared with control group. Serum insulin was elevated in control group compared with reference normal range values, and all treatments significantly decreased serum insulin levels compared with control (40%, 17% and 44%, respectively). [Table 1](#T1){ref-type="table"} also showed that lipid profile markers were dysregulated (except for HDL-c) in control group. Azilsartan or its combination with aliskiren significantly decrease serum TG compared with control (58% and 53%, respectively). All treatment approaches decreased serum cholesterol compared with control (48%, 24% and 48%, respectively). However, the effect of aliskiren was significantly lower than those reported in the other two treatment groups. Meanwhile, serum LDL-c levels were significantly decreased by all treatments compared with control (51%, 28% and 45%, respectively). In [Table 2](#T2){ref-type="table"}, Azilsartan or its combination with Aliskiren significantly and comparably decreased liver content of cholesterol (33% and 30%, respectively). Meanwhile, aliskiren significantly elevates liver cholesterol content compared with other groups. High-fat diet remarkably elevates liver TG content compared with reference range. Azilsartan significantly decreased liver TG content compared with control (30%) while aliskiren non-significantly elevates liver TG compared with control. Azilsartan or its combination with aliskiren significantly improves the already depressed glycogen liver content compared with control (89% and 103%, respectively), while aliskiren did not change this marker ([Table 2](#T2){ref-type="table"}). All treatment approaches significant decreased serum ALT activity compared with control (50%, 29% and 49%, respectively) ([Table 3](#T3){ref-type="table"}). Similar effects were reported on the elevated serum AST and ALP activities. In [Figure 1](#F1){ref-type="fig"}, analysis of (ALT/ULN)/(ALP/ULN) ratio revealed that azilsartan significantly decreases this ratio compared with the control (33%). Although the other treatment approaches produced comparable effects compared to azilsartan, their effects did not significantly differ from that reported in control. In [Table 4](#T4){ref-type="table"}, azilsartan or its combination with aliskiren significantly decreased serum TNF-α levels compared with control group (63.4% and 59%, respectively). Meanwhile, all treatments significantly decreased serum IL-1β levels (51%, 22% and 43%, respectively). The histopathologic findings revealed profound fatty changes and intracytoplasmic water vacuoles with hazy boundaries, especially in the cetrilobular and midzonal areas ([Figure 2A](#F2){ref-type="fig"}). Moreover, lobular coagulative necrosis was noticed in the control group with minimum spectrum and mostly associated with few multifocal areas of infiltration with inflammatory cells. Furthermore, early signs of fibrosis were reported in the control group ([Figure 3A](#F3){ref-type="fig"}). Compared with the control, the azilsartan-treated group showed best protection against the previously mentioned histopathologic changes ([Figure 2B](#F2){ref-type="fig"}). The groups treated with aliskiren and combination showed less steatosis and ballooning but with mild inflammation (Figures [3C](#F3){ref-type="fig"} and [3D](#F3){ref-type="fig"}).

###### 

Effects of azilsartan, aliskiren or their combination on serum glucose, insulin and lipid profile of rats with high-fat induced NAFLD Values were expressed as mean±SD; n= 8 rats in each group; values with non-identical super scripts (a, b, c) were significantly different among different groups (P\<0.05).
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###### 

Effects of azilsartan, aliskiren or their combination on liver contents of cholesterol, triglycerides and glycogen in high-fat induced NAFLD rats. Values were expressed as mean±SD; n= 8 rats in each group; values with non-identical super scripts (a, b, c) were significantly different among different groups (P\<0.05).
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###### 

Effects of azilsartan, aliskiren or their combination on serum levels of liver enzymes, ALT/ULN and ALP/ULN ratios in high-fat induced NAFLD rats.. Values were expressed as mean±SD; n= 8 rats in each group; values with non-identical super scripts (a, b, c) were significantly different among different groups (P\<0.05).
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![Effects of azilsartan, aliskiren, or their combination on (ALT/ULN)/(ALP/ULN) ratio in rat's model of high-fat diet induced NAFLD; n= 8 rats in each group; values with non-identical letters (a, b) are significantly different (p\<0.05); ULN: Upper Limit Normal value.](MA-71-251-g004){#F1}

###### 

Effects of azilsartan, aliskiren or their combination on serum levels of TNF-α and IL-1β in high-fat induced NAFLD rats. Values were expressed as mean±SD; n= 8 rats in each group; values with non-identical super scripts (a, b) were significantly different among different groups (P\<0.05).
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![Histopathological features of liver tissue samples stained with Hematoxylin & Eosin. A: Control group showed fatty liver changes in rats on high fat diet, with ballooned hepatocytes containing Mallory's hyaline-like material and Kupffer cells were also observed (100X); B: Azilsartan treated group (20X); C: Aliskiren treated group (20X); D: Combination treated group (40X).](MA-71-251-g006){#F2}

![Histopathological features of liver tissue samples stained with Masson trichrome stain. A: Control group showed hepatic periportal fibrosis and macrovesicular steatosis (10X); B: Azilsartan treated group (20X); C: Aliskiren treated group (20X); D: Combination treated group (40X).](MA-71-251-g007){#F3}

4. DISCUSSION {#sec1-4}
=============

In addition to its influence on fluid homeostasis and regulation of blood pressure, the RAS plays a role in the pathophysiology of insulin resistance and NAFLD ([@ref22]), while blockade of RAS improves insulin signaling and regulates adipocyte proliferation ([@ref23]). In the present study, glycemic control was in tune with the previously reported data ([@ref24], [@ref25]), where azilsartan and aliskiren improve insulin sensitivity and decreases serum glucose level. This may be due to the attenuation of Ag II-mediated vasoconstriction and/or elevating the levels of vasodilators like prostaglandins or nitric oxide, associated with increased blood flow and glucose delivery to the tissues ([@ref26]). Moreover, sensitivity of liver to insulin was effectively improved through decreasing Ag-II levels, which can be attributed to various mechanisms including interference with insulin signaling cascade, ROS production or TNF-α overproduction ([@ref27]). It has been reported that azilsartan have insulin sensitizing effect in obese Koletsky rats, which was attributed to activation of PPARγ in adipose tissues ([@ref25]); meanwhile, aliskiren improves systemic insulin resistance in mice maintained on high fat diet and ameliorates fatty changes in the liver ([@ref28]). These data supported the finding of the present study. In this regard, Lastra *et al* showed that aliskiren may improve insulin signaling in muscles through increased GLUT4 expression and attenuated oxidative stress ([@ref29], [@ref30]). Accordingly, blockade of RAS in hepatic tissues might be of value to improve lipid profile and limits progression of NAFLD. In this regard, telmisartan decreases triglycerides and increases HDL-c without significant effects on LDL-c in rat model of high-fat diet induced obesity ([@ref31]), while treatment of Dahl salt-sensitive rats maintained on a high-fat with azilsartan decreases total cholesterol with minor influence on triglycerides ([@ref32]). The results obtained in the present study were in tune with the previously reported evidence ([@ref33]). Local RAS was expressed by many tissues and organs including the liver, which may generate Ang II level three to five times more than that found in plasma ([@ref34]). Therefore, locally elevated Ang II may enhance lipid disorders that may definitely predispose to hepatic degenerations ([@ref35]). The present study clearly showed the protective effects of azilsartan and aliskiren against high-fat diet induced hepatic damage, which were in tune with those reported for various RAS modulators, where they effectively ameliorate NAFLD symptoms in experimental and clinical settings ([@ref36]-[@ref38]). However, failure to achieve synergistic or even additive effect when azilsartan and aliskiren are concomitantly administered may be attributed to the complex nature of both activation and blockade of RAS, where many factors and signaling pathways may be directly or indirectly involved ([@ref39]). It may also be attributed to insufficient time for effective inhibition of renin activity. In the present study, the ALT/ALP ratio indicates that liver damage is mostly of cholestatic nature rather than hepatocellular, and the use of azilsartan alone produced significant changes unlike the two other groups, which might be attributed to different mode of RAS blockade and other unrevealed mechanisms. The pleotropic effect of azilsartan impacts triglyceride and cholesterol content, and was in tune with the previously reported data that genetic alteration in RAS components dampens hepatic steatosis in rodent model ([@ref14]). Interestingly, the use of aliskiren alone did not affect a hepatic lipid which was in tune with a previously reported data ([@ref33]). The elevated liver content of cholesterol and triglyceride may be attributed to compensatory negative feedback increment in renin synthesis. Furthermore, it was found that aliskiren decreases steatosis only at higher doses with up-regulation PPAR-α ([@ref38]). In the animal model of NAFLD used in this study and due to insulin resistance, glycogen content was significantly reduced. However, blocking RAS function with azilsartan or its combination with aliskiren elevated the liver tissue glycogen content, indicating improvement in insulin sensitivity. Meanwhile, aliskiren alone did not elevate glycogen content significantly, which may be attributed to the different ways in the mode of RAS blockade and other not yet explored mechanisms. Adipose tissue is one of the major sources of many cytokines including TNF-α, and its expression was highly exaggerated in NAFLD and potentially involved in inflammatory and metabolic changes ([@ref40], [@ref41]). The present study clearly demonstrates elevation of TNF-α and IL-1β in control group of high-fat diet induced NAFLD. However, RAS blockade significantly decreases the elevated serum levels of these inflammatory mediators, and seems consistent with those previously reported by others ([@ref42], [@ref43]). Furthermore, blocking of local AT1R may prevent fibrosis and attenuate the cycle that links steatosis with necrotizing inflammation ([@ref23]). The liver lesions of NAFLD include steatosis, apoptosis, and fibrosis. In the present study, the control group developed NASH reflected by the presence of Mallory-Denk bodies, with early signs of fibrosis. These two features were absent in the treated groups, with less steatosis and hepatic ballooning, which indicate the protective effect of azilsartan, aliskiren and their combination against the disease progress. These results were in tune with many previous data ([@ref28], [@ref44]). Noteworthy, azilsartan alone demonstrates more protective effect compared with aliskiren and shows no lobular inflammation, which may be attributed to the difference in RAS blockade and other not yet revealed mechanisms.

5. CONCLUSION {#sec1-5}
=============

Azilsartan and aliskiren can effectively protect the liver against high-fat diet induced NAFLD in rats, and their combination offers no additive or synergistic benefits in this respect.
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